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Executive Summary 


Bioenergy research in the Canadian Forest Service includes all aspects of assessment, 
production, and growth of forest biomass for energy. The Canadian Forest Service has 
conducted research in these areas since 1978, primarily through the ENFOR (ENergy 
from the FORest) Program funded by the interdepartmental Program of Energy Research 
and Development (PERD). Previous strategic plans have provided direction for bio- 


energy research since 1987. 


Between 1998 and 2003 the primary focus will be on research activities relating to 
biomass production from forest ecosystems for energy, the potential of offsetting fossil 
fuel energy supply with forest derived bioenergy, and the assessment of forest options 
for reducing atmospheric concentrations of carbon dioxide. The objectives of the 


CFS bioenergy research program are to: 


* generate sufficient knowledge and technology on forest biomass production 
to help increase the contribution of forest biomass energy to Canada’s overall 


energy supply; and 


* improve the understanding of the role of biomass production in the global 
carbon cycle to help make a marked contribution to Canada’s commitment 


to stabilize its greenhouse gas emissions. 


The primary emphasis of the program will be on increasing the contribution of 
Canada’s overall energy supply derived from forest biomass; the secondary emphasis 
will be on the implications for and impact on the global carbon cycle and enhancing 
forest ecosystems as sinks and reservoirs for atmospheric carbon in the context of 


climate change. 


Key activities to be undertaken include: 


1. studies of biomass production technology for conventional forestry and 
energy plantations to increase and sustain biomass production for energy 


purposes relating to offsetting or replacing fossil fuel energy supplies; 


2. studies of greenhouse gas cycles in forest ecosystems and their contribution 
to the global carbon balance, including development of analysis tools for 
assessing forest biomass production projects and options for reducing green- 


house gas emissions; 


3. identification and assessment of environmental impacts of biomass produc- 
tion technologies relating to their impact on enhancing or sustaining forest 


ecosystems as sinks and reservoirs for atmospheric carbon; 


4. identifying the impact of global environmental change on biomass produc- 


tion potential and its implication for biomass energy supply; 


5. the support of collaborative international bioenergy research activities 


of the International Energy Agency. 


As well, a series of major reviews highlighting program needs and accomplishments 


will be undertaken, and technology transfer efforts strengthened. 


These activities will be undertaken within the context of the PERD process for fund- 
ing of proposals. The work will be implemented by the Canadian Forest Service ENFOR 
Program and by participation in international collaborative research under the Bioen- 
ergy Agreement of the International Energy Agency. The primary vehicle for delivery 
of the ENFOR Program will be the Science and Technology Networks of the Canadian 
Forest Service. Relationships with existing collaborators will be maintained and new 
partnerships and collaborative arrangements will be pursued for funding and con- 


ducting joint research. 


Introduction 


| his plan is designed to provide overall guidelines for the development and 


implementation of the bioenergy research program of the Canadian Forest 
Service (CFS) during the period 1998 to 2003. It is intended to help research man- 
agers, scientists, and others involved in the science program to ensure that activities 
proposed and undertaken are relevant, coordinated, and directed toward agreed and 
recognized priorities. These activities should also contribute policy relevant informa- 
tion about expanding the use of energy derived from forest biomass, offsetting energy 
derived from fossil fuels, and improving our understanding of the impact of biomass 


production on the forest carbon cycle in the context of climate change. 


The plan covers all science and technology activities undertaken by the CFS in the 
field of forest bioenergy production and supply. These include in-house research; pro- 
jects contracted to outside agencies, companies, and individuals; and international 


collaborative activities. 


This is the third strategic plan prepared for bioenergy research within the CFS. The 

previous plan was prepared for the period 1992 to 1997. The present plan supersedes 
the previous one, taking into account major changes that have taken place in the CFS 

Science and Technology (S&T) program structure and organization, and in the struc- 
ture of the Program of Energy Research and Development (PERD), the source of fund- 
ing for CFS bioenergy research. It explains the rationale and overall objective for the 
bioenergy research program and briefly reviews the accomplishments to date. It indi- 
cates the planning context within which the program operates, states the specific objec- 
tives for the period of the plan, and details the strategic priorities developed for this 


period. Finally, it outlines the implementation process for the plan. 


Canadian Forest Service Bioenergy 
Research Program 


Rationale 


Forest biomass is an alternative renewable source of energy whose use could reduce 
Canada’s national dependence on nonrenewable fossil fuel energy sources. It is the 


most widely available renewable energy feedstock in Canada. Increased use of forest 


biomass for energy could contribute to the objectives of sustainable development 


and have considerable environmental benefits. 


In the context of climate change, forests also play a significant role in the carbon 
cycle through storing and exchanging carbon with the atmosphere. Increasing atmos- 
pheric concentrations of carbon dioxide have been associated with climate change and 
global warming. To address the issue of climate change, the international community 
put in place a Framework Convention on Climate Change in 1992. Canada as a sig- 
natory to this convention is obligated to stabilize its greenhouse gas emissions at 1990 
levels and to sustain and enhance its sinks and reservoirs for atmospheric carbon. 
Forests, as a major sink and reservoir for carbon, are expected to play a role in both 
improving the use of bioenergy as a means of offsetting fossil fuel use and improving 
its forest and forest soils as a sink and reservoir for atmospheric carbon. Both of these 
will contribute to Canada’s commitment to stabilize it's greenhouse gas emissions and 
reduce and mitigate potential climate change. In response to the policy linkage between 
energy and climate change, ENFOR is broadening its focus from one of bioenergy sup- 


ply to include its linkage and role in the global carbon cycle and climate change. 


There are two sources of forest-based biomass potentially available for energy in 
Canada. One is forest residues from conventional harvesting, including nonmerchant- 
able species and components of forest stands. The other is “energy plantations” of 
fast-growing woody species, such as poplars or willows, grown specifically for energy 
purposes. Biomass from either of these sources, as well as commercial forest species, 
can provide energy directly through combustion, or indirectly after conversion through 
thermal, chemical, or biological processes to more convenient forms such as liquid 


or gaseous fuels. 


Although bioenergy technologies are improving, lack of knowledge and technology 
specific to Canadian conditions continues to be a major impediment to the successful 
use of bioenergy. For forest residues, there is a great need to improve production tech- 
nology and our understanding of the implications of biomass production on sustain- 
able forest management, particularly in the context of the global carbon cycle. There 
is also a requirement to improve the technology for collection and handling of biomass 
for energy use. For energy plantations, in Canada the optimal species, clones, and 
production technologies have not been established although progress has been made. 
The long-term sustainability of production under a range of environmental condi- 


tions is also very uncertain. 


Energy plantations can also play an important role in stabilizing and even reducing 


greenhouse gas concentrations through replacing/offsetting fossil fuel emissions and 


thus can help mitigate the likelihood of future climate change. The vigorously growing 
young woody plants in such plantations absorb CO, and store it in their tissues until 
it is released when the woody material is converted into energy. New energy plantations 
established on previously unforested marginal agricultural land or other lands serve 
a dual greenhouse gas abatement function. First, forested lands increase the storage 
of carbon in forest ecosystems, thereby reducing atmospheric carbon dioxide concen- 
trations. Second, replacing or offsetting fossil fuels with biomass energy indirectly 
reduces the emissions that increase atmospheric concentrations of carbon dioxide. Use 
of fossil fuels has been linked directly to increasing atmospheric CO, concentrations 
through the release of carbon stored in the biosphere over millions of years; whereas 
emissions associated with biomass energy do not add to atmospheric concentrations 
because the emissions are part of the existing ecosystem carbon cycle. The existing 
carbon cycle of the earth’s ecosystems in the absence of human activities is believed 


to be in balance. 


The techniques and systems involved in assessing, growing, harvesting, and collecting 
biomass for energy differ somewhat from those used in the production of conventional 
forest products, particularly in the case of short-rotation energy plantations. Thus 

research and development are necessary to put in place the required knowledge and 
technology. At the same time, much of the information produced will also have direct 


or indirect application to more conventional forestry operations. 


The Canadian Forest Service of Natural Resources Canada, as the leading research 
agency in the forest resource sector, has a wealth of knowledge and expertise in all 
aspects of forest resource management. It is the most appropriate agency to coordinate 
forest bioenergy production research and has been doing so since 1978. It is also capa- 
ble of addressing many of the research issues in-house. Forest biomass production for 
energy research, with its objectives based in sustainable forest development, is clearly 
appropriate to form a part of the programs of most if not all of the CFS S@T networks, 
particularly those dealing with climate change, impacts of forestry practices, and 


socio-economic research. 


Bioenergy research in the CFS is funded by PERD. The work is coordinated with other 
aspects of PERD through the Office of Energy R@D. To provide a complete approach 
to bioenergy systems, it is closely coordinated with research on bioenergy conversion 
processes and use conducted by CANMET within the Energy Sector of Natural Resources 
Canada. The CFS mandate is considered to be on the forest resource side of bioenergy 
systems, up to the point of delivery of the biomass feedstock to the conversion facility. 
It thus includes questions relating to the production of biomass in forest ecosystems, 


including residues from forest operations such as harvesting, as well as primary 


transportation of the material from the production site to the point of use. It does 


not include questions relating to mill residues. 


Program Objectives 


The objectives of the CFS bioenergy research program are to: 


* generate sufficient knowledge and technology on forest biomass production 
to help increase the contribution of forest biomass energy to Canada’s overall 


energy supply; and 


* improve the understanding of the role of biomass production in the global 
carbon cycle to help make a marked contribution to Canada’s commitment 


to stabilize its greenhouse gas emissions. 


The primary emphasis of the program will continue to be on increasing the contribu- 
tion of Canada’s overall energy supply derived from forest biomass. However, in 1992, 
Canada signed the Framework Convention on Climate Change, with associated com- 
mitments to stabilize it’s greenhouse gas emissions at 1990 levels by the year 2000 and 
to sustain and enhance sinks and reservoirs for atmospheric carbon. Since then, increas- 
ing importance has been given to the role of biomass production in the global carbon 
cycle. With ongoing international negotiations aimed at signing a protocol to strengthen 
greenhouse gas emissions reductions after the year 2000, forest sinks and reservoirs 
are expected to play an important and expanding role. Therefore, there is a need for 
more policy relevant information on the role of forests and biomass production in reduc- 
ing greenhouse gas emissions. In response to this need, for the period 1998 to 2003, 
a secondary emphasis of the program will be on the implications of biomass for energy 
production for and impact on the global carbon cycle and enhancing forest ecosystems 


as sinks and reservoirs for atmospheric carbon. 


Program Elements 


The bioenergy research program incorporates two main elements: the CFS ENFOR 
(ENergy from the FORest) Program of R&D on forest biomass production for energy 
and enhancement of the forest as sinks and reservoirs of atmospheric carbon, and 
Canada’s contribution to collaborative activities of the International Energy Agency 
(IEA) Bioenergy Agreement, specifically in the area of biomass production and green- 


house gas cycles. 


Accomplishments 


The bioenergy research program was initiated in 1978 as part of the federal govern- 
ments response to the oil price crisis and the need to develop alternative energy sources. 
ENFOR originally included subprograms on biomass production and biomass conver- 
sion. However, responsibility for the conversion aspect was transferred to the bioenergy 
development program of the former Energy, Mines and Resources Canada (EMR) in 
1983. When the CFS and EMR merged into Natural Resources Canada in 1994, closer 


coordination of the production and conversion parts occurred. 
Significant accomplishments of the ENFOR Program to date include: 


* completion of a national forest biomass inventory; 


¢ development of prototype equipment to harvest, collect, and transport biomass 


from conventional forestry systems; 


¢ development and testing of species, hybrids, and clones for intensive biomass 


production; 


¢ detailed investigation of negative environmental impacts of intensive biomass 
removals, including development of the FORCYTE model for nutrient cycling 


trend evaluation; 


investigation of socio-economic and institutional factors related to availability 


and use of biomass for energy. 


During the most recent period (1992-97), research activities focused on short- 
rotation forestry plantations for energy, the development of a carbon budget of the 
Canadian forest sector, and the economics and silvicultural benefits of harvesting 


forest biomass for energy. 


Short-Rotation Forestry 

A more concerted focus was placed on developing the technology for short-rotation 
forestry plantations for energy using willow or poplar. This work has reached the stage 
of several field-scale trials which are beginning to yield practical, operational results. 
Potential pest problems affecting biomass production in energy plantations are being 
reviewed and a series of regional field experiments to determine the impact of whole- 


tree harvesting on site and soil conditions is being completed, yielding valuable data. 


Carbon Budget Model of the Canadian Forest Sector 
A major effort was devoted to developing a carbon budget model of the Canadian for- 


est sector to determine the magnitude of the forest biomass carbon pool of Canadian 


forests and how this pool has been affected by changes in growth and disturbances 
related to harvesting, fire, and insects from 1920 to 1989. Efforts are continuing in 
terms of improving input data, investigating the potential of biomass energy produc- 
tion options to reduce atmospheric carbon dioxide concentrations, and predicting the 
impact of climate change on biomass production. The carbon budget work has achieved 
strong international recognition. The model has been adapted to the regional level 


(in British Columbia) and various input data improved. 


Economics of Silvicultural Benefits of Harvesting 

Forest Biomass for Energy 

The economics of the potential silvicultural benefits of harvesting forest biomass for 
energy have been investigated in several regions of the country. It is becoming clear 
that bioenergy use can be more readily justified when it is integrated with other forest 


uses or applied in niche markets such as remote northern communities. 


International Energy Agency 

The CFS is the official Canadian participant in the International Energy Agency (IEA) 
Bioenergy Agreement. The collaborative activities of this agreement are biomass pro- 
duction and supply, biomass conversion, municipal solid waste, and greenhouse gas 
cycles of bioenergy systems. IEA bioenergy activities in biomass production and sup- 
ply and in greenhouse gas balances of bioenergy systems complement the national 
ENFOR Program of the CFS. Canadian scientists, including CFS researchers, play an 
active role in the IEA through involvement in technical advisory committees, leading 
and participating in activities, and organizing workshops. CANMET coordinates 


involvement in biomass conversion and municipal solid waste. 


Circumstances have changed since the previous CFS strategic plan for bioenergy 
research was implemented in 1992. The approaching completion of several major objec- 
tives and the need for new directions necessitate a revision of the plan. This plan must 
take into account the closer ties of the CFS with other groups involved with bioenergy 
and renewable energy within Natural Resources Canada, particularly in the Energy 
Sector, and the linkage between energy use and emissions, and forest sinks and reser- 
voirs to climate change. It also needs to take into account the new structure and science 
program priorities of the CFS resulting from the federal Program Review and budget 
reductions of February 1995. More specifically, bioenergy research in the CFS now 
needs to be planned in relation to S@T network programs. The structure of PERD has 
also changed with some shifting of priorities and the establishment of a new PERD 
Task on Energy and Climate Change; these changes affect the CFS strategy for bioen- 


ergy research. 


Bioenergy Strategic Plan 1998-2003 


Context 


Changing PERD Priorities 

The CFS bioenergy research program is funded by PERD and therefore is subject to 
the PERD planning and reporting processes. PERD has recently undergone a major 
restructuring, reducing the emphasis on work on fossil fuels and giving priority to 
renewable energy and environmental considerations in the context of climate change. 
This is reflected in the creation of the new PERD Task on Energy and Climate Change 
which focuses on improving our understanding the role of energy use and production 
in the global carbon cycle. As well, for PERD to better respond to changing priorities 
and directions, a new strategic reserve fund has been created. Given the revised PERD 
priorities, no decrease in PERD support of forest bioenergy research is anticipated, 
although funding may be reduced by 5—18% to cover the costs of the new strategic 
reserve funds for both PERD and the Task on Energy and Climate Change. 


Obligations to the IEA Bioenergy Agreement 

As the Canadian signatory to the IEA Bioenergy Agreement, the CFS has an ongoing 
responsibility to participate in and contribute financially to the tasks and activities of 
that agreement. Such financial contributions depend on PERD funding. The CFS has 
made specific commitments to activities that enhance the production and economics 
of biomass feedstocks for ethanol under the federal ethanol initiative, which is intended 
to promote the use of ethanol blends as transportation fuels. These activities represent 
all the current ENFOR activities relating to energy plantations, as well as activities 
relating to the environmental impacts of biomass production and harvesting. Opera- 
tionally, the responsibility for contributions and participation in the biomass conver- 


sion and municipal solid waste tasks of IEA rests with CANMET. 


CFS Priorities 

The CFS is strongly committed to the sustainable development of the Canadian forest 
sector and to conserving forest ecosystems. Previously, environmental concerns were 
looked at broadly, ranging from the environmental impact of biomass production and 
technology on site productivity (nutrient supply), soil and water quality, and the envi- 
ronment in general. These activities are important for the sustainable development 
of forests but have not necessarily improved our understanding of the environmental 
impacts of bioenergy use. Energy use must be examined in the context of the global 
carbon cycle and its link to climate and atmospheric change. The bioenergy research 


program will continue to give major attention to environmental concerns, but the 


focus will be on environmental impacts on the carbon cycle. Priority will be given to 
research activities aimed at improving our understanding of the environmental impacts 
of biomass production on sustaining and enhancing forests and forest soils as sinks 

and reservoirs for atmospheric carbon, and at developing measures to reduce the loss 
or release of soil carbon to the atmosphere and water systems. In this context, envi- 
ronmental concerns are considered as broadly as possible, from short-term impacts 

of biomass harvesting for energy on soil compaction and erosion (relating to carbon 
management) to long-term national and global impacts on climate change. As well, 

there needs to be an increased emphasis on delineating and promoting the potential 
environmental benefits of biomass production for energy relating to improved energy 


use efficiency and offsetting or replacing fossil fuel use. 


The CFS bioenergy research program operates within a set of environmental guide- 

lines that focuses on carbon management because this is the primary linkage of bio- 
mass energy use and production to the environment. Environmental impact research 
relating to issues such as sustainable forestry practices, multiple integrated forest uses 
and benefits, maintenance of biodiversity, site productivity and ecological stability, and 
aesthetics will be undertaken by this program insomuch as they can be linked to their 


effects on the carbon cycle. The environmental guidelines are outlined in Appendix A. 


Finally, guidelines have also been developed for pest management research relating 
to the ENFOR Program. These guidelines limit such research to the investigation and 
resolution of pest problems in energy plantations. The pest management guidelines 


are detailed in Appendix B. 


Plan Goals and Priorities 


The overall objectives of ENFOR were outlined previously in “Program Objectives.” 
The goal of the plan is to provide policy relevant and decision-making information 


for forest and energy managers to: 


* encourage an increase in the use of biomass energy as a means of sustaining 
Canada’s energy supply, reducing energy use carbon emissions to the atmos- 


phere by offsetting fossil fuel emissions, 


* enhance and sustain Canada’s forest ecosystems used for energy production 


as sinks and reservoirs for atmospheric carbon, and 


* contribute to the development of Canada’s position on forest sinks and reser- 
voirs in international negotiations related to the Framework Convention on 


Climate Change. 


The research priorities for the period of the plan include activities aimed at: 


¢ improving biomass production for energy from forest residues, including 
harvesting residues, noncommercial timber and brush species; and energy 


efficiency of technology and practices used in biomass production; 


* improving biomass production for energy from short-rotation energy planta- 


tions for willow and poplar species with a focus on postharvesting renewal; 


* improving our understanding of the environmental impact of biomass produc- 
tion for energy with a focus on (1) defining the implications of biomass produc- 
tion and production practices on enhancing and sustaining forest ecosystems 
as sinks and reservoirs for atmospheric carbon, and (2) offsetting fossil fuel 


energy use; 


* continuing CFS leadership in international collaboration in bioenergy research 


through participation in the IEA Bioenergy Agreement. 


Biomass from Conventional Forestry 

As the most widely and economically available forest biomass feedstock in Canada, 
forest residues will receive the greatest emphasis in the program. Environmental impacts 
and economics studies in the conventional forestry context will be considered as inte- 
gral parts of this strategic priority area, rather than separate strategic priorities in 


their own right. 


The national forest biomass inventory, which has been updated in the context of its 
input to carbon budget modeling, will be revisited to assess its value for region-specific 
bioenergy feasibility analyses and its potential contribution to NRCan Energy Sector 
bioenergy modeling activities. Investigations will be made of current forest manage- 
ment and harvesting practices in relation to the availability of logging residues under 
different practices. A review will be made of progress achieved in improving the effi- 
ciencies of methods of collecting and transporting residues for energy use, and related 
problems and issues will be identified and resolved. Managing the moisture content 
of the residues in the field will be investigated. The feasibility of implementing inte- 
grated harvesting systems developed in Europe for biomass for energy and other forest 
products will be studied for its applicability to Canadian conditions. This work will 


draw on the results of work already done or underway in other countries under the 
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IEA Bioenergy Agreement and will incorporate a range of silvicultural activities such 


as site preparation and vegetation management. 


There will also be an economic research component to various aspects of the residue 
harvesting work. This will be undertaken in collaboration with similar efforts in other 
sectors of NRCan’ Energy Sector. Barriers to the implementation of biomass produc- 
tion systems for energy in conventional forestry will be investigated and in particular 
problems of using bioenergy to offset and replace conventional energy supplies derived 
from fossil fuels in remote, northern, forest-based communities will be explored. Inte- 
grated production and environmental and socio-economic benefits are important ele- 
ments relating to sustainable forest management for biomass energy production. In 

this regard, progress has been made in establishing the silvicultural benefits of biomass 
production and harvesting in the Atlantic region. This work now needs to be expanded 
to other regions. Similarly, domestic fuelwood use patterns have been surveyed in some 
eastern regions. There would be merit in extending this effort to a regional or national 
scope to establish the impact of conventional energy supplies on carbon gas emissions 
offset by domestic fuelwood use. Past work was done at the provincial level. Emphasis 


and priority will now be given to regional and national level efforts. 


For environmental impacts, analysis and reporting will be completed on the series 
of regional field experiments involving whole-tree harvesting. The proceedings of a 
symposium focusing on the results of these experiments in terms of impacts on site 
nutritional status and productivity will be published. The impact of forestry practices 
on the carbon cycle has been identified as a significant gap in the context of the role 
of forestry in climate change. To address this gap, environmental impact work will be 
refocused to assess the implications of various harvesting and silvicultural practices 
on enhancing or sustaining forest ecosystems as sinks and reservoirs for atmospheric 
carbon. Of particular importance is the impact on the retention and loss of soil carbon 


which is not well understood. 


Energy Plantations 

Because of the need to consider end uses other than bioenergy to justify the cost of 

short-rotation forestry, partnerships and other funding sources will be pursued. Recog- 
nition will be given to the potential contribution of energy plantations to CO, uptake 
and storage and to greenhouse gas abatement through offsetting of fossil fuel energy 
sources. Options for afforesting marginal agricultural and other lands with energy 


plantations will be investigated. 


Current activities in the development and farm-scale testing of energy plantation tech- 


nologies with willow species will continue to be the primary thrust, with increased 


focus on determining the sustainability of production in second generation willow 
systems. Of particular importance is determining the postharvesting renewal and pro- 
ductivity levels for a range of soil and nutrient conditions to establish the long-term 
sustainability of biomass production for willow plantations under a range of environ- 
mental conditions. Investigation of harvesting and handling methods and technology 
will be undertaken. As well, investigation of the use and environmental implications 
of plantation fertilization with sewage sludge and other organic wastes will continue. 
Support will also continue for field-level selection trials with new species and clonal 
varieties of poplar and willow to improve and sustain long-term biomass production. 
Current identification of potential pest problems and threats in energy plantations will 
be continued. Of particular importance is establishing the cost-benefit of various pest 
management strategies for biomass production. Another important aspect of energy 
plantation production will be to determine the potential of willow and poplar planta- 


tions to increase carbon sequestration in the soil. 


Greenhouse Gas Cycles, the Carbon Cycle, and Climate Change 

In terms of PERD priorities and programs, activities undertaken will be linked to the 
new Energy and Climate Change Task. Activities involved in this component link with 
environmental impact of forestry practices and energy plantation activities, described 
previously, and activities associated with the investigation of greenhouse gas cycles in 
bioenergy systems. As well, analysis of bioenergy-related activities, options, and strate- 
gies for reducing atmospheric carbon dioxide concentrations and mitigating potential 


climate change will be undertaken. 


Research on the carbon cycle of northern forest ecosystems and the Canadian forest 
sector will continue in order to improve scientific understanding of climate- and time- 
dependent abiotic and biotic factors and the role of bioenergy in the global carbon 
cycle and climate change. Of particular importance is the influence of disturbance 
regimes related to harvesting, fire, and insects on the cycling and storage of carbon 
within forest ecosystems and the role of forest soils in the carbon cycle. Analyses of 
regional to circumpolar spatial data over time scales from the recent past to projec- 
tions for the next 100 years in response to climate change for the forest ecosystems 
of Canada will be undertaken. Contributions will also be made to the development 
of an analytical framework for assessing forest sector bioenergy options and strategies 
for reducing atmospheric concentrations of carbon dioxide and enhancing and sus- 
taining Canada’s forest ecosystems as sinks and reservoirs for atmospheric carbon. This 
work will assist in selecting appropriate forest biomass production strategies and 
options to fulfill Canada’s obligations as a signatory to the Framework Convention 


on Climate Change to stabilize its greenhouse gas emissions at 1990 levels. 
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Program Review and Technology Transfer 

As part of the ongoing program administration, project proposal review for new 
projects and the review of ongoing projects is an essential element. A panel meeting 
will be held at least once a year to assist in reviewing ongoing projects and activities 
and the acceptability of new projects. Facilities for the meeting, transportaton, accom- 
modation, and meal costs of non-CFS members will be covered by ENFOR where 
appropriate. Salaries and travel costs of CFS employees participating in the panel 


will be covered by CFS networks. 


Communicating the results of the research programs will involve working with part- 
ners in bioenergy and in forest management and will include reports and publications, 
workshops and conferences, demonstrations, and field study tours. Reporting of research 
results in the scientific literature and in publications such as the CFS Information 
Report series aimed more specifically at forest managers will continue. The annotated, 
computerized bibliography of all CFS bioenergy reports and publications will be kept 
current. As well, where appropriate, the program will assist in the publication of reports 
and research findings related to biomass production for energy production, the carbon 


cycle, and climate change. 


As major areas of the bioenergy program near completion, reviews of the state of 

knowledge and technology in these program areas will be conducted. These reviews 
will be designed to make the results of research readily available to our clients and 
assist in the transfer of technology. Program areas to be addressed in this way during 
the period of the plan include the environmental impacts of whole-tree harvesting, 


and carbon budget modeling. 


The CFS, its scientists and contractors, will continue to participate in bioenergy R@D 
seminars and workshops in North America and abroad to facilitate the transfer of bio- 
energy R&D results. Such events may be sponsored by the CFS alone or with other 

agencies such as the IEA, CANMET, the U.S. Department of Energy, or others. Results 
of CFS bioenergy research will be highlighted at various scientific conferences and work- 
shops as appropriate. Several workshops related to review of the status of the carbon 
cycle of boreal forest ecosystems, assessing the IPCC guidelines for carbon emissions 


from forests, and forest options for mitigating climate change are to be undertaken. 


International Collaboration 

The CFS will continue to participate in the IEA Bioenergy Agreement through active 
involvement on the Executive Committee for the agreement, as well as on the Technical 
Advisory Committees, and individual Activities of Tasks dealing with biomass produc- 


tion, harvesting, and supply and with greenhouse gas balances of bioenergy systems. 


The current series of 3-year tasks began in 1995 and terminated at the end of 1997. 
The CFS participates directly in Task XII (biomass production, harvesting, and supply) 
and Task XV (greenhouse gas balances of bioenergy systems), and will participate as 
far as possible in any subsequent tasks or special projects dealing with these topics. 
Within such tasks, the CFS will support, as far as budgets permit, Canadian partici- 
pation in specific activities of interest to Canada, to which Canada can provide a tech- 


nical contribution, and that are complementary to the national program. 


Canadian technical contacts for each of the individual activities that Canada is sup- 
porting within Tasks XII and XV come from the CFS, industry, and universities. CFS 
scientists will be encouraged to become actively involved in the work of appropriate 


activities. 


The IEA collaboration involves organization of and participation in international work- 
shops, meetings, and field study tours, international collaborative research, field trials, 
and exchange of scientific materials, and involvement in the preparation of joint 


publications, manuals, and proceedings. 


Relationships to Other Science and 
Technology Programs 


The bioenergy research program operates within the context of several other related 
programs of the CFS and other agencies. It is important to define clearly how the bio- 
energy program relates to these programs and to identify areas of potential collaboration 


and cross-benefit. 


CFS Science and Technology Networks 


The bioenergy research program is closely related to all CFS science and technology 
networks, the primary framework for CFS S@T programs. The networks, to which 


the bioenergy program has some existing or potential linkages, are: 


Climate Change Effects of Forestry Practices 
Fire Management Forest Ecosystem Processes 
Forest Health Landscape Management 
Pest Management Methods Socio-economic Research 
Tree Biotechnology and Advanced Genetics Forest Biodiversity 
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The strongest relationships are with Effects of Forestry Practices and Climate Change. 
Climate Change provides much of the rationale for both the energy plantations and 
the carbon budget modeling components of the bioenergy program. Work on environ- 
mental impacts of biomass harvesting and of energy plantations has implications for 
Forest Ecosystem Processes. Forest inventory aspects of the Landscape Management 
and Forest Biodiversity networks have an important role in assessment of biomass 
resources. The relationship with the Forest Health and Pest Management Methods net- 
works is relatively minor and is concerned only with forest health and pest problems 
in energy plantations. The economic components of the bioenergy program can poten- 
tially be supported by the Socio-economic Research Network. There is no link at pre- 
sent between the Tree Biotechnology and Advanced Genetics Network and the bioenergy 
program, though there may be potential ties to testing and demonstrating the produc- 
tion capability and feasibility of new species and clonal varieties of willow and poplar 
in the context of energy plantations. Similarly there is no present link with the Fire 
Management Network, though aspects of fire ecology and forest fire emissions studies 
could support assessment of forest biomass resource supply for energy and the carbon 


cycle. 


In addition to the CFS S&T networks, the bioenergy program has links to the “Policy 
and Liaison” group, which strongly supports development-oriented projects, particu- 
larly in relation to bioenergy use in remote and northern communities. This CFS group 
also assists in technology transfer by organizing conferences and workshops. The CFS- 
sponsored Model Forests Program will continue to be encouraged to incorporate and 
demonstrate management strategies aimed at improving biomass production for 


energy into its plans. 


The bioenergy program is also linked to the forest sector Criteria and Indicators of 
sustainable forest management being led by the CFS. This initiative, which is both a 
domestic and international effort, requires research in describing and measuring the 
sustainable management of our forest ecosystems. The bioenergy program is strongly 
linked to the forest condition and global cycles criteria of the C&1 initiative and will 
help develop indicators for forest condition (biomass), carbon cycle, and forest 


energy use. 


The program is linked to knowledge infrastructure. NRCan is committed to making 
information and data being generated by its various sectors more accessible. As well, 
NRCan will try to ensure the preservation of this information and knowledge for future 
generations. The bioenergy program as a prime generator of knowledge, information, 


and data in the context of biomass production for energy has a role to play in 


contributing to departmental knowledge and infrastructure initiatives. The bioenergy 
program will encourage and support departmental efforts to preserve and increase the 


availability and exchange of the knowledge, information, and data generated by research. 


All of these program linkages will be exploited to ensure maximum coordination 
and collaboration between programs. The CFS networks are the primary vehicle for 
delivery of the ENFOR Program. Any potential for mutual benefit will be emphasized. 
However, wherever PERD funding is involved, there must be an energy link and benefit 
in terms of expanding bioenergy use, offsetting fossil fuel energy sources, and improv- 
ing our understanding of the role of forest ecosystems and bioenergy in the global 


carbon cycle. 


Other NRCan Sectors 


The bioenergy research program is closely related to the Renewable Energy Technol- 
ogy Program of CANMETs Energy Technology Centre. For bioenergy, that program is 
concerned with biomass conversion technologies, including biochemical, thermochem- 
ical, and direct combustion techniques, as well as systems for transport and handling 
of biomass feedstocks. While the focus is different from that of the CFS program, there 
are areas of common interest including transportation, handling, and economics. The 
two programs will be closely coordinated and should be seen within NRCan as having 
the same overall objective of developing and promoting bioenergy use and supply. 

Advantage will be taken of opportunities for joint funding of research projects in areas 
of common interest, as well as for collaboration in workshops and seminars. There 

may also be opportunities for joint involvement in demonstrating bioenergy systems 


and technologies in rural and remote communities. 


The CANMET bioenergy group is formally represented on the ENFOR Committee, 
and the CFS participates in reviews of the relevant CANMET program. Within the 
IEA Bioenergy Agreement, CANMET provides the alternate Canadian representative 
on the Executive Committee and acts in the same capacity for Tasks XII and XIV 
as the CFS does for Tasks XII and XV. 


Also, within the Energy Sector of NRCan, the bioenergy research program provides 

advice on renewable energy policy through its participation in the Intradepartmental 
Advisory Committee on Renewable Energy. That committee advises the Renewable and 
Electrical Energy Division with which the CFS program has continuing links. Through 
participation on the Interdepartmental Steering Committee on Ethanol, the CFS has 


ties with the group coordinating departmental involvement in the federal ethanol 
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initiative to encourage the production and use of fuel ethanol in Canada. While that 
initiative is primarily concerned with ethanol production from feedstocks such as grains 

and oilseeds, lignocellulosic feedstocks are also important in the longer term. The CFS 
has acknowledged that research under the bioenergy program can support this initia- 
tive. The bioenergy research program has also privided advice on economic modeling 


of forest biomass supply undertaken by policy groups in the Energy Sector. 


The Office of Energy Research and Development (OERD), in the Energy Sector, provides 
secretariat services to PERD. The CFS involvement with OERD concerns the proposal 
review and funding process of PERD and in relation to overall program evaluation. 
OERD has observer status on the ENFOR Committee. 


Other Agencies 


The bioenergy research program is linked with Agriculture and Agri-Food Canada which 
shares a common interest in dedicated energy crops, including woody crops such as 
poplar and willow, as bioenergy feedstocks. Co-funding arrangements for energy plan- 
tation activities have been in place in the past and could be again if the opportunity 
arises. To ensure coordination of bioenergy related activities between agriculture and 


forestry, Agriculture and Agri-Food Canada is represented on the ENFOR Committee. 


Collaborative research activities may also be undertaken with other departments and 
agencies, including Environment Canada and the National Research Council of Canada. 
Through specific research projects, CFS S@T networks are encouraged to develop links 
with provinces, industry, and universities. Such links have often in the past been through 
contracts for research projects. In the future, collaborative partnership arrangements 


and co-funding opportunities will be pursued wherever the opportunity exists. 


Appendix A 


Environmental Guidelines for Biomass 
Energy Research and Technology Transfer 


This appendix is intended to provide a framework for those parts of the Strategic Plan 
for Bioenergy Research concerned with environmental impacts of biomass harvesting 
and energy plantation establishment. The CFS has a responsibility to ensure that the 
ENFOR Program does not cause significant negative environmental impacts by screen- 
ing new proposals under the provisions of the Canadian Environmental Assessment 


Act (CEAA). PERD monitors this screening annually for projects it funds. 


1. Wood is a renewable fuel and should be substituted for nonrenewable fossil 


fuels provided sustainable forestry practices are followed. 


2. Biomass harvesting for energy should be integrated with other functions of 
forests including, as appropriate, wildlife habitat protection, production of 
pulp and saw timber, hunting and fishing by First Nations and others, recrea- 
tional activities, and protection of air, water, and soil. Of primary importance 
in the context of energy and climate change is the impact of forestry practices 


on forest ecosystems as sinks and reservoirs of atmospheric carbon. 


3. A minimum level of biodiversity should be defined and maintained in forested 
landscapes where biomass is harvested for energy, using means such as wildlife 


corridors, unmanaged reserves, and intensive management actions. 


4. In natural forests, biomass harvesting should, as far as possible, be limited to 
removal of low-value wood during thinnings, improvement cuts, and conver- 
sion of degraded stands to ensure ecological stability, long-term timber quality, 
and higher overall economic value of forests, and to sustain and enhance the 


forest ecosystem as a sink and reservoir for atmospheric carbon. 


5. Removal of conventional harvesting residues for energy should be investigated 
in the context of site type, nutrient supply, and soil depth and texture in the 
context of its impact on retention and loss of soil carbon. Biomass should not 
be harvested more often than is compatible with the long-term maintenance 


of site productivity and a positive /neutral ecosystem carbon balance. 
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10. 


Ee 


Biomass energy plantations should be established in areas with an institutional 
capacity for intensive management (for example, farming and forestry commu- 
nities) and the potential to increase ecosystem carbon storage (for example, 
underused or marginal agricultural land). In general, conversion of natural 
forests to biomass plantations should be discouraged where biodiversity loss 


and a net loss in ecosystem carbon will result. 


Biomass plantations should, where possible, be placed within the landscape 
to offer benefits other than energy production, including soil erosion control, 
stream stabilization, windbreaks and trapping of pollutants from roads and 

agricultural operations, and increased ecosystem carbon content. Planting of 
woody energy crops in large (greater than 10 ha) continuous blocks should 
be avoided so as to maintain ecosystem biodiversity and natural pest control 


processes. 


Attention to aesthetics of energy plantations should be encouraged, including 


use of species mixtures, irregular plantation boundaries, and varied spacings. 


Use of biomass plantations for disposal of municipal and industrial wastes may 
be encouraged, provided production systems are designed and monitored to 
avoid groundwater pollution and excessive accumulation of heavy metals in 


soil. 


Forest industries and rural communities should be encouraged to strive for 
energy self-sufficiency by investing in facilities that use wood energy for heat 
or electricity. Appropriate consideration should be given to technical issues 
such as wood ash disposal, waste wood supplies, and the regional carbon bal- 


ance, and social issues such as job creation and skill training. 


Fuelwood harvesting operations should be linked, wherever possible, to 
new technologies for domestic and institutional wood heating that minimize 
emissions of particulates and harmful gases and that maximize the output 


of useful heat per unit of wood biomass. 


Appendix B 


Guidelines for Pest Management 
Research Proposals 


ENFOR will consider proposals for research targeted at demonstrating the resolution 
of pest management problems (insect, disease, and vegetation) in short-rotation poplar 
or willow stands. Short rotation forestry for energy production presents a likely scenario 
where integrated pest management can be practically implemented. Proposals that test 
or assess the usefulness or applicability of integrated pest management (IPM) methods 
in resolving current or projected pest management problems are encouraged. Work 
undertaken must result in information about the long-term impact on overall biomass 


production and supply. 


Proposals should reflect the need for testing and demonstrating IPM approaches 


that are user-friendly, cost-effective, and have minimal environmental impact. 


Proposals that examine pest influences will be limited to (1) determining impacts of 
pest infestations on biomass production and/or the forest ecosystem carbon cycle, and 
(2) resolving major pest problems and testing and demonstrating IPM options and 


strategies in sustaining and enhancing biomass production. 
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Appendix C 


Criteria for Assessing ENFOR Projects 


Criteria to be used for rating and ranking ENFOR projects include: 


Ls 


10. 


Does the proposed work address ENFOR objectives outlined in the Bioenergy 


Plan? This is a necessity. 


Does the proposed work address “network objectives” outlined in the CFS 


S&T Business Plans? This is also a necessity. 


Is the science issue the proposed work addresses significant for bioenergy 

and biomass production and does the project contribute directly to the provi- 
sion of policy relevant information on improving biomass energy use, offsetting 
fossil fuel use, or knowledge or understanding of the role of biomass produc- 


tion in the carbon cycle? This is a necessity. 


Do the project results apply at the regional and national scale? This is a priority. 
ENFOR is a national program, therefore results must apply to the regional and 
national scale. Projects that are site-specific, provincial, or one company spe- 
cific in focus that do not apply to the regional or national scale are low prior- 
ity unless 50% or more of the funding is provided by the industry or provincial 


agency interested in jointly collaborating on the project. 


Is the project integrated and multidisciplinary in scale and scope? This 


is a priority. 
Is the project cost reasonable? 
Does the project leverage outside funding? 


Do the Principal Investigators have the expertise and technical capability 


to do the proposed work and do they have a good track record? 
Are the proposed deliverables/milestones clear, realistic, and reasonable? 


Is there a data management plan that ensures all data and supporting data 
generated by the project will be maintained and made readily accessible to 
interested users? Availability and preservation of data for future generations 


is a priority. 
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